study is part of a multicenter study sponsored by the German "Hauptverband der gewerblichen Berufsgenossenschaften." The study has not yet been completed; after all subjects have been evaluated, further differences in the concentrations of these oncogene/tumor suppressor gene products might be observed between radon-induced lung cancer and those with lung cancer of other etiology.
In the framework of the complete study, we are evaluating p53 mutations in tumor tissue, bronchoalveolar lavage, and sputum as well as other biomarkers so that we will be able to compare these findings with those of serum concentrations of p53 and anti-p53 antibodies. Therefore, we may observe a relation between the biomarkers evaluated, type of cancer, individual patient diagnosis, and health and occupational history. Exposure was assessed in urine samples collected and analyzed for inorganic As and its methylated metabolites by the method of Crecelius (1). Exfoliated bladder cells were isolated from urine specimens within 2 h of collection via centrifugation, and the cell pellet was washed with 9 g/L NaCl. After centrifugation, cells were dropped onto coded slides, air-dried, fixed in 800 mLIL methanol at 0 #{176}C, and stored in a container filled with nitrogen gas at -20 "C until used for the micronucleus assay. (Oncor), was used to counterstain the DNA. Slides were scored as previously described (4).
Mean urinary As concentrations and micronucleated cell (MNC) frequencies are presented in Table 1 . In both studies, there was a marked contrast in exposure between the high-exposure and low-exposure groups. In Nevada, the high-exposure group had an average urinary As concentration of 751 j.g/L compared with 68 gfL in the low-exposure group. In Chile, the high-and low-exposure groups had average urinary As concentrations of 616 and 66 gfL, respectively. MNC frequencies from both studies showed small yet consistent differences between high-exposure and lowexposure groups. In the Nevada study, MNC frequencies in the high-exposure group were 2.79/1000 cells compared with 1.57/1000 cells in the low-exposure group, giving a frequency ratio (FR) of 1.8 (P = 0.09) (4). After stratification by sex, the MNC frequency was increased among highly exposed males compared with low-exposed males, and to a lesser extent between highly exposed and lowexposed females. The FR was greater for males than for females, 2.34 (P = 0.07) vs 1.42 (P = 0.38), respectively
(4).
The larger South American study, which was confined to men, yielded results similar to those of the North American study. The MNC frequencies in the high-exposure group (n = 71) compared with the low-exposure group (n = 55) were 3.14 and 2.60/1000 cells, respectively (FR = 1.21; P = 0.08). Because some individuals in the low-exposure group had high urinary As concentrations, we limited the comparison to include only those with concentrations of <100 j.g/L (n = 38). The mean micronucleus frequency for those with urinary As concentrations of <100 g/L was 2.45/1000 cells (P = 0.05) (data not shown). When the group was limited to include only individuals with urinary As concentrations of <50 j.Lg/L (n = 21), the MNC frequency was 1.59/1000 cells, resulting in a greater contrast in MNC frequency (FR = 1.97; P <0.001).
In both studies, a small increase in micronucleated exfoliated bladder cells was seen. The increase was consistent although small, compared with other studies in which the exfoliated micronucleus assay is used as a biomarker of genotoxicity to the bladder urothelium.
Lowexposure groups from both studies include some As-exposed individuals.
In the South American study, when the low-exposed group was limited to subjects with urinary As concentrations of <50 gfL, the mean MNC frequency was reduced to 1.59/1000 cells. This suggests that As may exert some genotoxic effects at low concentrations, but additional analysis must be completed before a clear dose-response relation can be determined. Micronucleus formation is a rare event, and frequencies found in healthy, unexposed populations are generally very low (0.05-0.2%) (3). In the Nevada study, we scored at least 500 cells/person to reduce the potential for MNC frequency fluctuations that can occur when <1000 cells are scored for each subject (2). In the Chile study, 12 samples (23%) contained <500 normal intact cells. When these individuals were excluded from the analysis, many of the high-frequency individuals disappeared from the low-exposure group but remained in the high-exposure group, suggesting that the high frequencies found in the low-exposure group were artifacts caused by scoring small numbers of cells. For example, in the highly exposed group, when all individuals and those with <500 cells/ slide are included in the analysis, 9% of individuals exhibit micronuclei frequencies >1%, a level similar to that found in radiation-exposed epithelial cells (5, 6). In the low-exposure group, when all individuals are included in the analysis, 2.6% exhibit micronuclei levels >1%. When we include only individuals for whom >500 cells were scored, no individuals are found with MNC frequencies >0.8%. The appearance of several high-frequency individuals in the high-exposure group (with only a small difference in the mean MNC frequencies for each group) could suggest that the genotoxic effect is limited to a few presumably sensitive individuals. Similarly, in Nevada, some high-frequency individuals were found only in the exposed group; however, these individuals were also the most highly exposed (4).
In conclusion, results from both the North and South American studies provide evidence that As is genotoxic to human bladder epithelium. on the genetic risk associated with pesticide exposure, we present biomonitoring data for a population occupationally exposed to pesticides. CA and SCE in peripheral blood lymphocytes were used as risk biomarkers, and blood samples were obtained in both high-and low-exposure periods.
The exposed group consisted of 29 men working in flower and (or) fruit cultivation in El Maresme (Barcelona, Spain). Two blood samples were taken from each individual in a follow-up study: the first in a period of high exposure to pesticides (spring-summer), the second in a period of lower exposure (autumn-winter). Concurrent control studies of unexposed people included 29 healthy men during spring-summer and 24 healthy men during autumn-winter.
Control individuals were not directly exposed to any particular environmental agent. Before the cytogenetic study, all subjects filled in a questionnaire about personal data, smoking and drinking habits, diet, drugs and medication consumption, health status and medical history, and exposure to known genotoxic agents. The agricultural workers completed another specific questionnaire in which the type of working activity, duration of contact with pesticides, kind of pesticides used, and protective measures were recorded.
Venous
blood from each subject was placed in heparinized Vacutainer Tubes (Becton Dickinson, Rutherford, NJ). Before culturing, 0.5 mL of whole blood and 2 mL of chromosome medium (RPMI-1640) were centrifuged, and the supernate was removed to eliminate the blood plasma.
Lymphocyte cultures were set up by adding 0.5 mL of this "clean" blood to 4.5 mL of chromosome medium supplemented with 200 milL heat-inactivated fetal bovine serum, antibiotics (penicillin and streptomycin), and glutamine. Lymphocytes were stimulated by 10 g/L phytohemagglutinin.
Two replicates for each assay were prepared from each blood sample. The cultures were incubated at 37 #{176}C for 54 h to measure CA and for 72 h to measure SCE. For SCE studies, 24 h after the initiation of cultures, 5-bromodeoxyuridine (15 mg/L) was added. At 2 h before harvesting, demecolcine (Colcemid) was added to arrest cells in metaphase. The cells were collected by centrifugation, resuspended in a prewarmed hypotonic solution (0.075 mol/L KC1) for 20 mm, and fixed in acetic acid:methanol (1:3, by vol). Air-dried preparations were made, and the slides were stained with Giemsa. For each donor, we examined 100 well-spread metaphases (50 per replicate) containing
